Millipore diffusion chambers (MDC) with 0. In vitro incubation system. To test for release of free toxin in vitro, all MDC systems were incubated in KRPM or undiluted guinea pig peritoneal fluid. The incubation was carried out at 37 C in a shaking water bath in siliconized test tubes, each containing one MDC plus 10 ml of KRPM or guinea pig peritoneal fluid. A check for release of toxin was performed after 96 hr of incubation by injection of 1 ml of the outside menstruum into a white mouse. The number of animals dying with typical symptoms of botulism was recorded. Specificity of lethal effects was reconfirmed by using 0
The potential pathogenicity of Clostridiun botulinum type A spores has been studied since the early 1920's (5, 16) . Renewed interest in spore-bound toxin has developed recently in connection with (i) molecular studies of heat resistance of individual macromolecules (in this case, the toxin) in the spores (11, 12) and (ii) pathogenic and phagocytic processes in vivo elicited in response to an invasion of the animal body by these spores (14; Booth, Suzuki, and Grecz, Bacteriol. Proc., p. 34, 1970) . A summary of published information on topic ii is essential for understanding of the present project.
It has been shown that spores of C. botulinum type A injected into animals are engulfed by leukocytes. After engulfment, the spores germinate and release spore-bound toxin. Staining of leukocytes after intraperitoneal (ip) injection of spores revealed engulfed refractile spores, germinated spores, and vegetative cells (3) . Germination of spores within the leukocyte at 8 hr after engulfment has been demonstrated in vitro and in vivo by using 45Ca release as an indicator of germination (21) . Release of 45Ca in an in vitro leukocyte-spore suspension could be detected in cell-free Millipore filtrates. In vivo, free 45Ca was excreted in the urine of mice at 12 hr, indicating spore germination at approximately 8 hr [4 hr being substracted for urogenital clearance of free 45Ca (21) ]. Release of 45Ca in spore-leukocyte suspensions in vitro coincided with germination, outgrowth, and release of free botulinum toxin (20) .
However, past in vivo or in vitro experiments have not ruled out the possibility that the nonengulfed spores when exposed to body fluids may also undergo germination, outgrowth, and toxin release or even new toxin synthesis. similarly encapsulated and surgically implanted ip into 10 guinea pigs allowed 90% of the animals to survive. This shows that no detectable amounts of toxin were released from spores, the single guinea pig fatality being due to surgical complications as explained in Table 1 .
However, when spores were mixed with guinea pig PMN leukocytes and similarly encapsulated into MDC and implanted, as many as 90% of the animals died with obvious symptoms of botulism (Table 1) . Furthermore, vegetative cells of C. botulinum in MDC (without leukocytes) were lethal to 100%7, of guinea pigs implanted. All control animals with MDC containing 0.857% saline survived, thus reassuring that our surgical implantation techniques were satisfactory.
Microscopic examination of samples from MDC containing spores and vegetative cells revealed the presence of unchanged, refractile, nongerminated spores in the MDC loaded with spores alone. However, in the MDC loaded with vegetative cells there appeared morphological degradation (Wright-Ziehl-Neelson's stains; reference 3) as well as a significant decrease in the number of microscopically countable cells per ml.
The data in Table 2 complement the in vivo findings described above. In this experiment, MDC similar to those implanted in guinea pigs were incubated in vitro in KRPM or undiluted guinea pig peritoneal fluid for 96 hr in a shaking water bath at 37 C. To test for release of toxin from the various systems, 1-ml samples of the fluid outside the MDC were injected into white mice. Death of the animals was taken as indication of free toxin in the medium. Table 2 Table 2) .
It should be noted that undiluted guinea pig peritoneal fluid had no effect on MDC-encapsulated spores, whereas it induced toxin release from similarly encapsulated vegetative cells (Table 2) . This observation together with microscopic examinations of the MDC contents suggests that, in the peritoneal fluid, bactericidal enzymes may have attacked vegetative cells causing cell lysis and release of the toxin. To eliminate the action of bactericidal enzymes in the body fluid, the principal one being lysozyme, the guinea pig peritoneal extract was heated to 100 C for 10 min. The results show that denaturation of a heatlabile substance by heat resulted in prevention of in vitro lysis and toxin release from MDCenclosed vegetative cells into the menstruum. Thus, it may be suggested that heat-labile substances in the peritoneal fluid were the agents responsible for release of toxin from vegetative cells ( Table 2) . bMDC were incubated in vitro in the indicated medium on a shaking water bath at 37 C for 96 hr. After incubation, the outside fluid was injected into white mice (1 ml per mouse) to test for loss of toxin from MDC. The mice were observed for 96 hr for typical symptoms of botulism and death. All control mice immunized with 0.1 ml of botulinum antitoxin type A survived.
c Ca-free Krebs-Ringer phosphate medium, pH 7.4. d Guinea pig polymorphonuclear leukocytes (108/ml) in KRPM.
Undiluted supernatant from guinea pig peritoneal fluid.
f Guinea pig peritoneal fluid was heated at 100 C for 10 min to denature enzymes.
VOL. 3, 1971 Guinea pig peritoneal fluid alone injected into control mice caused no ill effects. Botulinal toxin at four different dilutions in KRPM and in KRPM plus 30% nonimmune guinea pig serum incubated at 37 C for 96 hr was found to be lethal at 1 LD50 of ip-assayed mice, indicating the stability of toxin in these media.
It has been recently reported (17) (17) .
DISCUSSION
These results confirm and extend previous findings (20, 21) that phagocytic engulfment of spores of C. botulinum is essential for release of sporebound toxin in the animal body. Apparently, body fluids by themselves do not support spore germination or spore lysis although vegetative cells of C. botulinum are actively lysed in body fluids releasing lethal amounts of toxin, even in the absence of phagocytic engulfment. The lysis of vegetative cells is probably due to bacteriolytic enzymes such as lysozyme, which is present in the peritoneal fluid (19) .
Vegetative cells of C. botulinum have an Nacetyl-glucosamine-j3-1, 4-N-acetyl-muramic acid cell wall and are subject to action by lysozyme (22) . C. botulinum spores, with disulfide bond proteins in the outer layer, are resistant to bacteriolytic agents such as lysozyme and H202 (9) . However, once spores are engulfed, acidic pH stemming from leukocyte phagocytic processes may reduce spore disulfide bonds, thereby rendering underlying lysozyme-sensitive mucopeptides of the spore susceptible to subsequent H202 or lysosomal enzyme attacks (Suzuki et al., in preparation). These leukocytic intracellular processes are analogous to in vitro conditions described by Gould and Hitchens (9) (20) .
Spores of C. botulinum, when ingested, can produce a "toxinfection" in the gastrointestinal tract as proposed by Minnervin (15) and Boroff and Reilly (4) . Wound contamination with C. botulinum spores also has occurred, and indeed several documented cases of fatal botulism from wound infections are described (6) (7) (8) . Apparently, our data show that germination can occur when spores are engulfed by leukocytes which are normally abundant in cases of wound injury. Under these conditions, it is possible that germinated spores escaping phagocytic digestion in cases of leukocyte death may establish successful foci for growth, multiplication, and toxin production, especially if anaerobic conditions are maintained by the concomitant aerobic microbial flora in the wound. However, the gradual development of a botulinum culture under these conditions may conceivably lead to development of immunity before fatal poisoning can take place. Furthermore, toxin formation may be accompanied by proteolytic digestion of the toxin by other microorganisms present in the wound; thus, no outward signs of botulism would be manifested. It may be postulated, therefore, that many cases of botulinic wound infections may remain undetected and that botulism from wounds becomes obvious only if C. botulinum is permitted to outgrow the natural balance of processes in the wound.
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